Background and Objectives: We compared the perioperative outcomes of hysterectomy performed by robotic (RH) versus laparoscopic (LH) routes for benign indications using the Dindo-Clavien scale for classification of the surgical complications.
INTRODUCTION
Interest in minimally invasive gynecological surgery has grown tremendously over the past 20 years. Numerous studies have demonstrated the benefits of laparoscopy over laparotomy, including decreased blood loss, shorter length of hospital stay, decreased pain, earlier return to routine activities, and improved cosmesis. 1, 2 Despite these advantages, the percentage of gynecological hysterectomies performed laparoscopically has remained relatively stagnant at 12% to 14% nationally. [3] [4] [5] Some of the proposed reasons for its lack of widespread implementation are the need for specialized training, its steep learning curve, longer operative time, 2-D view, limited degrees of instrument motion, and tremor amplification. The da Vinci surgical system (Intuitive Surgical, Sunnyvale, CA) has improved on these shortcomings intrinsic to laparoscopy and has been rapidly incorporated into clinical practice.
Feasibility studies have shown success in performing robotic hysterectomy, myomectomy, sacrocolpopexy, gynecologic cancer staging, and tubal reanastomsis. 6 -10 Similar to those about laparoscopy, studies have shown improved surgical outcomes (decreased blood loss, shorter length of stay, decreased pain, and earlier return to activities) with robotic surgery when compared with an abdominal route. [11] [12] [13] [14] Although there are clear benefits of both robotic and laparoscopic surgery over laparotomy, few studies have directly compared perioperative outcomes of robotic and laparoscopic hysterectomy for benign indications. In a recent review of the literature, Sarlos and Kots 15 concluded that most clinical outcomes such as blood loss, complications, and hospital stay were comparable for the robotic and the laparoscopic hysterectomy. However, despite the paucity of supportive data, robotic surgery has been rapidly adopted into gynecological practice and has grown at a rate that has far exceeded that seen with laparoscopy.
The purpose of this study is to compare perioperative outcomes in all consecutive patients undergoing laparoscopic and robotic hysterectomy for benign indication at one academic center.
MATERIALS AND METHODS
After institutional review board approval, consecutive cases of laparoscopic and robotic hysterectomy for benign indications were collected by search of billing codes and retrospectively reviewed by electronic medical record. Included were all laparoscopic and robotic hysterectomies performed from March 1, 2001 until June 30, 2010, by the faculty of the Minimally Invasive Gynecology Division at the University of Michigan Health System. All 3 surgeons were fellowship trained in minimally invasive gynecological surgery and were proficient in laparoscopic hysterectomy but had newly incorporated robotic surgery during the study period. The University of Michigan is a teaching hospital, and residents and/or fellows participated in all procedures at various levels as deemed appropriate by the faculty surgeon. Data regarding the extent of trainee involvement were not collected and are not part of this study. The surgical approach was determined preoperatively according to the surgeon's and patient's preferences, based on the specific patient's characteristics. Women with a preoperative diagnosis of malignancy and those who underwent concomitant procedures for treatment of urinary incontinence and/or pelvic organ prolapse were excluded from the study. Only patients with American Association of Gynecologic Laparoscopists (AAGL) type IVE total hysterectomy and type III laparoscopic supracervical hysterectomy were included. 16 A systematic chart review using standardized case report forms was conducted. Demographic and patient variables collected were age, parity, body mass index, race, medical and surgical history, preoperative symptoms, previous treatment(s), and primary indication for surgery. Recorded surgical variables were surgical route, surgical procedure, operating time (intubation to exit from the operating room), revised American Fertility Society endometriosis score, 17 Diamond adhesion index score, 18 culdotomy technique, estimated blood loss, final pathological diagnosis, specimen weight, and length of hospital stay. No charts were excluded because Ͻ1% of all charts were missing data for uterine weight and operative time only.
All patients were scheduled for postoperative follow-up within 4 to 8 weeks from surgery. Patients' attendance at this visit and duration of postoperative follow-up were obtained from the medical records.
The medical records were reviewed for intraoperative and postoperative complications occurring for 12 weeks after hysterectomy. However, complications clearly related to surgery such as cuff dehiscence were included regardless of the time of occurrence. The postoperative complications were classified into severity grades according to the Dindo-Clavien scale. 19 This classification is based on the type of therapy needed to correct the complication and was found to be reproducible and applicable to various surgical fields, including gynecology. 20 Grade I complication includes any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, and radiological interventions. Grade II complications include blood transfusions or total parenteral nutrition or other intervention that requires pharmacological treatment with drugs other than such allowed for grade I complications. Grade III complications require surgical, endoscopic, or radiological intervention.
Surgical Procedures
Total hysterectomy was performed according to the AAGL type IVE, laparoscopically directed removal of the entire uterus, and supracervical hysterectomy was performed according to AAGL laparoscopic supracervical hysterectomy type III; occlusion and division of uterine arteries were performed laparoscopically. 16 All patients were given prophylactic antibiotics at the start of surgery. The ZUMI or the RUMI uterine manipulators backloaded with a KOH colpotomy ring (all by Cooper Surgical, Trumbull, CT) were used. The uterine arteries were controlled with the use of electrosurgical instruments.
The da Vinci robotic surgical platform was used in all cases of robotic hysterectomy. The monopolar shears and the Gyrus PK dissecting forceps (Gyrus ACMI, Norwalk, OH) were placed in the right and left robotic arms, respectively, for the hysterectomy procedure, and the tenaculum or Prograsp forceps were sometimes used in the fourth robotic arm (all by Intuitive Surgical, Sunnyvale, CA). Culdotomy or amputation of the uterine corpus was performed using the monopolar scissors at 30 W coagulation current. The vaginal cuff was closed with a series of figure-eight stitches using a 0-Vicryl suture (Ethicon, Cincinnati, OH) with intracorporeal knot-tying.
The laparoscopic hysterectomy was performed using the Gyrus PK cutting forceps. Culdotomy or amputation of the uterine corpus was performed using the monopolar J-hook (range: 30 -50 W cut current), bipolar spatula (Gyrus ACMI), or Harmonic scalpel (Ethicon). The Endostich device (Covidien, Mansfield, MA) was used for vaginal cuff closure using a series of 0-Vicryl interrupted or figureeight sutures and extracorporeal knot-tying. The uterosa-cral ligaments were incorporated in the angle closures of both surgical approaches.
Statistical analyses were performed using the SPSS software, version 17.0 (IBM, Armonk, NY). Two-tailed statistical significance was set at .05. A normal distribution of the data was determined using the Kolmogorov-Smirnov test. The Student t test was used for comparison of means for normally distributed data, whereas the Mann-Whitney U test was used for comparison of non-normally distributed data. The 2 and the Fisher exact test were used when appropriate for comparison of proportions.
RESULTS
A total of 545 patients underwent hysterectomy for benign disease during the study period; 257 were performed laparoscopically (LH) and 288 were performed robotically (RH). Among all patients, 98% had documented follow-up after surgery, with 83% of patients followed for Ն4 weeks and 60% followed for Ն6 weeks.
Patients' demographics are compared in Table 1 . There were no statistically significant differences in mean age, body mass index, and prevalence of diabetes or hypertension between the 2 groups. There was a higher prevalence of higher-order (Ն2) laparotomies in the robotic cohort (LH 14.8% vs RH 26.0%, PϽ.05). In both cohorts, the most common indications for surgery were chronic pelvic pain and symptomatic uterine fibroids, followed by abnormal uterine bleeding (PϾ.05) (Figure 1 ).
Operative characteristics for each group are summarized in Table 2 . The rates of total hysterectomy and concomitant adnexectomy were similar in both groups, as were the estimated blood loss and operative time. Intraoperatively confirmed stage III-IV endometriosis and the incidence of severe adhesions (defined as a Diamond adhesion score Ͼ11) were more common in women undergoing robotic hysterectomy. The mean uterine weight was also greater in the robotic cohort (LH 186.4Ϯ130.6 g, 95% confidence interval 170.0 -202.8 g vs RH 234.9Ϯ193.9 g, 95% confidence interval 212.3-257.7 g, Pϭ.001). The conversion to laparotomy rates were significantly higher in the laparoscopic cohort (LH 6.2% vs RH 1.7%, Pϭ.007).
The surgical complications classified according to the Dindo-Clavien scale in the 2 groups are compared in Table 3 . Although grade I and grade II complications were seemingly more prevalent in the robotic group (grade I, LH 6.2% vs RH 9.7% and grade II, LH 9.3% vs 13.2%), whereas grade III complications were more prevalent in the laparoscopic group (LH 5.8% vs RH 3.1%), these differences did not reach statistical significance (PϾ.1). There were no cases of grade IV or grade IV complications in either group.
The various perioperative complications in the 2 groups are compared in Table 4 . The incidence of viscus injury (bowel, bladder, ureter) was low in both groups (LH 1.2% vs RH 1.7%, Pϭ.4). Overall, there were 4 bladder injuries, 3 of which were recognized and repaired intraoperatively, and 2 bowel injuries, 1 of which was recognized and repaired intraoperatively. One patient who underwent robotic hysterectomy sustained a combined bladder and bowel injury diagnosed 14 days postoperatively after presenting with fever and pelvic abscess. There were 2 ureteral injuries in the LH group and 1 in the RH group. All 3 cases were managed conservatively with either temporary ureteral stenting or percutaneous nephrostomy.
There were fewer patients with vaginal cuff dehiscence in the RH cohort (0.5%) than in the LH cohort (2.7%), but this difference did not reach statistical significance (Pϭ.07) ( Table 4 ). All patients reported coitus immediately preceding cuff dehiscence. However, not all episodes were associated with the first coitus after the hysterectomy. Five of the 6 patients with cuff dehiscence presented within 3 months after their surgery, and the sixth patient presented on the 29th postoperative day. There was no significant relationship between vaginal cuff dehiscence and age, body mass index, menopausal status, diabetes, tobacco use, estimated blood loss, or type of energy used for culdotomy (data not shown).
The rates of other vaginal cuff complications (ie, cellulitis, abscess, and hematoma) were similar in the 2 groups (LH 2.3% vs RH 4.9%, Pϭ.09) ( Table 4) . Vaginal cuff abscess occurred in 1.2% of LH patients versus 2.4% of RH patients (Pϭ.2). The incidence of cuff abscess increased with the severity of endometriosis, with a 1.1% incidence in patients without endometriosis, 2.6% incidence in patients with stage I-II endometriosis, and 9.3% incidence in patients with stage III-IV endometriosis (Pϭ.01). There was no association between vaginal cuff abscess and body mass index, diabetes, tobacco use, operative time, estimated blood loss, or the need for morcellation (data not shown). a There were no cases of grade IV or grade V complications in either group. There was a significantly higher rate of urinary tract infection and urinary retention in the RH cohort than in the LH cohort (Table 4) . Urinary retention was not associated with age, body mass index, presence of diabetes, smoking status, previous cesarean sections, previous abdominal surgeries, uterine weight, intra-abdominal adhesions, or estimated blood loss (data not shown).
Overall, the need for reoperation was statistically greater in the LH cohort ( Table 4 ). The indications for reoperation in the laparoscopic cohort included vaginal cuff dehiscence (nϭ5), significant vaginal cuff bleeding (nϭ2), vaginal cuff abscess (nϭ2), cystoscopic repair of ureteral injury (nϭ1), vesicovaginal fistula (nϭ1), prolapsed fallopian tube through the vaginal cuff (nϭ1), and trocar site hematoma (nϭ1). In the RH cohort, 5 patients underwent reoperation for vaginal cuff abscess (nϭ2), vaginal cuff bleeding (nϭ1), cuff dehiscence (nϭ1), and repair of bladder and bowel injury (nϭ1).
DISCUSSION
This series directly compares perioperative outcomes of LH with RH for benign indications. Our data suggest that more complex surgeries are being performed robotically, as indicated by the higher prevalence of stage III-IV endometriosis, high-order (Ն2) previous laparotomies, severe adhesions, and a larger mean uterine weight. Despite the greater complexity of surgery, surgical outcomes including surgical complications, estimated blood loss, and operative time are similar between RH and LH groups, and the overall complication rate is acceptably low. Because this is a retrospective study, the difference in complexity of cases between the 2 groups reflects the surgeons' preference to perform complex hysterectomies via the robotic route. A randomized study would be better designed to compare the outcome of the 2 surgical approaches for cases of similar complexity.
Another drawback of our study is the different distribution of the LH and RH cases over the ϳ10-year study period, with more LH cases performed in the earlier years and more RH cases performed in later years. This may introduce a bias in the occurrence of surgical complication in the laparoscopic groups because it could be assumed that the surgeons gained additional surgical experience during the 10 years of the study. However, this bias may be offset by the surgeons being novice robotic surgeons when this technique was introduced.
Previous studies reporting surgical complications of laparoscopic and robotic hysterectomy classified these complications into major and minor categories. In these studies, the rate of major complications varied widely, from Ͻ1% to 20%. This wide range is probably because of the absence of a standard definition of a major or minor complication as well as extreme variability in the follow-up time for reporting of complications, ranging from 1 day to Ͼ6 weeks. [11] [12] [13] [14] [15] In the current study, the DindoClavien scale was used to classify the surgical complications. This system grades surgical complications according to the treatments required 19 and has been shown to be reproducible and fairly easy to use. 20 Using the DindoClavien scale, there were no statistically significant differences in surgical complications between the 2 groups, and the rates of grade III complications were low in both groups, indicating that both surgeries can be performed safely. Nevertheless, our study may still be underpowered to detect differences in rare postoperative complications such as viscus injury. Further studies and meta-analyses could provide additional data on the occurrence of these rare complications.
Postoperative vaginal cuff abscess was an infrequent complication in both the LH and RH groups and was directly related to the presence and severity of endometriosis. We postulate that this relationship is a consequence of greater tissue dissection, greater use of electrosurgery, more tissue necrosis, and possibly a less hemostatic surgical bed associated with both the laparoscopic and the robotic approach to an obliterated cul-de-sac.
Previous studies have consistently shown the incidence of cuff dehiscence complicating total LH and RH to be higher than the vaginal and abdominal routes. [21] [22] [23] The incidence of cuff dehiscence after total laparoscopic hysterectomy was found to be as high as 4.9% in a large retrospective study from 2007. 24 However, the data from this large study were recently reanalyzed and showed the 10-year cumulative incidence of dehiscence after total LH to be 1.35%. 25 In the current study, the incidence of cuff dehiscence after total laparoscopic hysterectomy was higher when compared with RH. This difference approached, but did not reach, statistical significance (Pϭ.07), possibly because the sample size was underpowered to detect this relatively rare complication.
Operative cost is another important consideration when comparing LH with RH. Two previous studies 26, 27 estimated that the added cost of robotic hysterectomy over laparoscopic hysterectomy is in the range of $2600. This factor needs to be considered when determining the ap-propriate route of surgery, especially because operative outcomes for these 2 routes appear to be similar.
Our study is limited by its retrospective and nonrandomized design, leading to possible inaccurate or incomplete data collection, which may result in an underestimation of surgical complications. The nonrandomized retrospective design is also known to be associated with possible selection case bias, where more difficult cases may have been chosen for a robotic approach according to surgeon preference. Another limitation of our study is the long duration of the study period, during which some surgical and postoperative management practices may have changed. Conversely, collecting data over a long period enabled us to include a relatively large number of patients.
CONCLUSION
Perioperative outcomes for LH and RH for benign indications are equivalent. These findings are similar to a recent Cochrane Review that concluded limited evidence showed that robotic surgery did not benefit women with benign gynecological disease as far as effectiveness or safety. 28 Our study suggested that some outcomes trend toward improvement with a robotic route, including a lower incidence of vaginal cuff dehiscence and a lower rate of conversion to laparotomy. Future studies using a randomized study design may further investigate the operative outcomes of the robotic and laparoscopic routes.
